INTRODUCTION
In the past, contagious bovine pleuropneumonia (CBPP) caused by Mycoplasma mycoides ssp. mycoides small colony type (Mmm SC) was widespread in Europe, but since the beginning of this century European countries have generally been free of the disease. However, sporadic outbreaks of CBPP were reported several years ago in France and Spain, while Portugal has been affected since 1983 (5).
In.November 1990, CBPP was also reported in Italy, where several outbreaks have been recorded (4) . Control of the disease is primarily based on post-mortem inspection of lungs or pleural lesions at slaughterhouses and serological screening of cattle. Laboratory tests must be used to identify Mycoplasma in the infected organs or specific antibodies in cattle sera. The identification procedures for diagnosis of CBPP are time-consuming and difficult, due to complex cross-reactions with other Mycoplasma within the mycoides "cluster" (8) . The complement fixation test, normally used to detect antibodies, is well standardised; nevertheless, some false-negative and false-positive results are occasionally reported (7) .
Monoclonal antibodies (MAbs) may be useful in increasing the reliability of immunoassays. For this reason, the authors produced MAbs against Mmm SC and investigated whether the use of such MAbs could improve the diagnosis of CBPP.
MATERIALS AND METHODS

Mycoplasma strains
The following international reference strains were used: In addition, a collection of field isolates of Mmm SC (nine from Europe and seven from Africa), other isolates classified in the mycoides cluster and reference strains of other bovine Mycoplasma were used (8) .
Antigen preparations
Mycoplasma cultures (1,000 ml) grown in Difco-enriched liquid medium (6), aged 7-10 days, were harvested by centrifugation at 10,000 g for 30 min. The cultures were washed three times in phosphate-buffered saline (PBS) (pH 7.4) and re-suspended in a hundred-fold concentration. The protein concentration was determined using a commercial reagent; the antigens were stored at -70°C. When required, liquid medium cultures were inactivated by binary ethylenimine (1).
Monoclonal antibodies
BALB/c mice were primed subcutaneously with 100 µg of PG1 antigen in complete Freund's adjuvant and boosted intraperitoneally two months later with an identical dose of antigen in PBS. Three days later, 10 8 spleen cells of one mouse were collected and fused with 10 7 NSO myeloma cells using PEG 4000, following the method described by Galfré and Milstein (3). Fused cells, suspended in Dulbecco's modified Eagle medium, supplemented with hypoxanthine/aminopterin/thymidine and 20% fetal calf serum, were distributed over six microplates (200 µl per well). Growing colonies were observed in all wells; hybridoma supernatants were screened using an indirect enzymelinked immunosorbent assay (ELISA); positive hybridomas were cloned by limiting dilution on a feeder layer of normal mouse spleen cells, in 96-well microplates. For production of ascitic fluid (3), 1 to 2 x 10 6 hybridoma cells were injected intraperitoneally in pristane-sensitised mice. MAbs were purified from ascites by ammonium sulphate precipitation and conjugated to horseradish peroxidase (HRPO) using a modification of the method described by Wilson and Nakane (9) .
Enzyme-linked immunosorbent assays
Indirect ELISA Mycoplasma antigen preparations (10 µg/ml) were adsorbed on microplates by incubation overnight at 4°C in 0.05 M sodium bicarbonate buffer (pH 9.6). Fifty pi samples of hybridoma supernatants and HRPO-conjugated goat anti-mouse immunoglobulin antibody were sequentially reacted for 1 h at 37°C. The diluting buffer consisted of PBS (pH 7.4) with 0.05% Tween 20 and 1% yeast extract. The substrate solution (orthophenylenediamine 0.5 mg per ml and 0.02% H 2 0 2 in 50 mM phosphate citrate buffer, pH 5) was then added. After 10 min, the colorimetric reaction was stopped by addition of 2 N sulphuric acid; absorbance values were read at 492 nm. Fifty µl per well of reagent was used; three washings with PBS-Tween 20 were performed after each incubation.
Competitive binding assays
Fifty µl of hybridoma supernatant or ascitic fluid, at sequential dilutions, was incubated for 1 h at 37°C in PG1-coated microplates together with 25 µl of a concentration of labelled MAbs which had given an absorbance value of 1-1.5 in a previous titration. The colorimetric reaction was achieved as described above.
Sandwich ELISA
Microplates were coated overnight at 4°C with the trapping MAb (10 µg/ml). Sequential dilutions of a liquid medium culture of PG1 were then incubated for 1 h at 37°C, followed by MAb-HRPO conjugate (1 h at 37°C). Each conjugate was tested with each MAb as coating antibody. Diluting buffers, reagent volumes, washing and colorimetric reactions were as for the indirect ELISA.
Competitive ELISA for antibody assessment
Microplates were sensitised with 50 µl per well of capture MAb, as for the sandwich ELISA. After three washings, the selected dilution of PG1-inactivated liquid culture (50 µl per well) was incubated for 1 h at 37°C. Following three washings, three-fold dilutions of test serum (50 µl per well) were reacted for 1 h at 37°C with the trapped antigen, followed directly by the addition of 25 µl per well of the competitor labelled MAb. After incubation and washing as before, the colorimetric reaction was performed. The serum titre was calculated as the dilution which competed to a 50% level for the antigen binding. Predetermined concentrations of antigen and conjugated MAb giving an absorbance value of 1.5 were used.
Western blotting
The PG1 antigen preparation was separated on 10% reducing sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to a nitrocellulose membrane (10) . Filters were blocked overnight with 2% bovine serum albumin in PBS and incubated for 1 h with hybridoma supernatants. After several washings and incubation with HRPO-conjugated goat anti-mouse immunoglobulin antibody, 4-chloro-l-naphthol and H 2 0 2 were added as substrate.
Membrane filtration dot immunobinding
Membrane filtration (MF) dot immunobinding tests were performed following the method described by Poumarat and colleagues (8) .
Bovine samples
Sera were examined from various Italian breeds of cattle. Some of the samples were taken from CBPP-free herds, while others were taken from herds known to be infected with CBPP.
Lung and lymph node samples were collected at slaughterhouses during the outbreaks of CBPP which have occurred in Italy since 1990. These were taken from animals which were either serologically positive for CBPP or showed clinical symptoms and CBPP lesions.
Complement fixation test
The complement fixation (CF) test was performed in microplates following the standard technique used in member countries of the European Community (2).
Bacteriological isolation and identification
Isolation and identification of Mmm SC field strains was performed following the methods described by Perreau (6) .
RESULTS
Characterisation of monoclonal antibodies against PG1
Seventeen MAbs reacting with Mmm SC were produced following one fusion experiment. Preliminary characterisation of the MAbs by Western blotting analyses, competitive binding assays and cross-reactivity tests was performed in order to select those MAbs most suitable for diagnostic use.
The results of Western blotting are shown in Figure 1 . A group of seven MAbs showed an identical pattern of reactivity, recognising a main protein of approximately 70 kDa. Two MAbs (2D12 and 1E3) reacted reproducibly with several bands. One MAb (3A8) detected a 40 kDa protein, while two MAbs (6C4 and 7B8) showed a weak reaction with bands apparently overlapping with the 70 kDa band. The five remaining MAbs (not shown in Figure 1 ) were non-reactive, possibly due to low concentration or to the conformation of the target epitopes.
Competitive binding assays were performed among the seven MAbs which reacted with the 70 kDa protein, in order to study the relationships of the respective epitopes. The seven MAbs competed with each other to a high degree, while no other MAb was able to inhibit them (data not shown).
In order to further characterise these MAbs, they were tested against five antigenically-related Mycoplasma of the mycoides cluster, using an indirect ELISA (Table I) . Six of the seven MAbs which reacted with the 70 kDa protein were found to be specific for PG1. Six other MAbs reacted with all the mycoides cluster strains. The seventh MAb which recognised the 70 kDa protein (3B2) showed greater reactivity with the homologous strain than with other Mycoplasma. The four remaining MAbs each showed a different pattern of reactivity with the heterologous strains. Three of the six PG1-specific MAbs were examined using MF dot immunobinding in order to check the The MAbs reacted with all the Mmm SC strains, but did not react with any other Mycoplasma.
Application of monoclonal antibodies to antigen detection
Since the aim of this work was the development of more convenient diagnostic tests, the possibility of using MAbs in a sandwich ELISA to detect specific antigens was evaluated. In a preliminary experiment, combinations of MAbs used either as coating or conjugated antibodies were tested for their ability to detect the reference strain PG1 in a liquid medium culture (Table II) . Three of the pairs which successfully detected PG1 were selected as the most suitable for diagnostic applications. The first pair (6B6/3F3) combined a strong signal with absolute specificity for Mmm SC, while the other two pairs (6C4/7B8 and 3A8/3A8), although cross-reactive with the antigenically-related Mycoplasma of the mycoides cluster, showed the highest sensitivity.
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Since the aim of this work was the development of more convenient diagnostic tests, the possibility of using MAbs in a sandwich ELISA to detect specific antigens was evaluated. In a preliminary experiment, combinations of MAbs used either as coating or conjugated antibodies were tested for their ability to detect the reference strain PG1 in a liquid medium culture (Table II) . Three of the pairs which successfully detected PG1 were selected as the most suitable for diagnostic applications. The first pair (6B6/3F3) combined a strong signal with absolute specificity for Mmm SC, while the other two pairs (6C4/7B8 and 3A8/3A8), although cross-reactive with the antigenically-related Mycoplasma of the mycoides cluster, showed the highest sensitivity. The following MAbs were not tested: 4A5, 7H12, 1D4, 7D3 and 5A8
Reactivity of monoclonal antibodies against five antigenically-related Mycoplasma of the mycoides cluster, studied by indirect enzyme-linked immunosorbent assay
The three pairs of MAbs were then used in sandwich ELISAs to test a number of positive and negative samples, and the results were compared with those of traditional isolation and identification procedures. The following results were obtained (Table III): -Samples not containing Mycoplasma of the mycoides cluster reacted negatively (A 492 < 0.1) with all ELISAs, both as tissue extractions and as cultures.
-Samples from which the agent of CBPP was isolated reacted positively with all three pairs after only a few days of culture in liquid medium; all samples from the 54 outbreaks which have occurred in Italy in recent years exhibited this pattern. However, when examined directly as tissue extractions, these samples always reacted negatively with 6B6/3F3 (the PGl-specific pair of MAbs). All samples were positive with 6C4/7B8, except those containing so few antigens as to require a second culture passage for traditional detection by isolation of the agent. However, not all the samples identified as positive by 6C4/7B8 ELISA reacted with 3A8/3A8.
-A positive result in the sandwich ELISA performed on the pathological samples was occasionally combined with a negative result for both Mycoplasma growth and ELISA reactivity from the corresponding culture.
Application of monoclonal antibodies to antibody assessment
A competitive ELISA (C-ELISA) for the detection of specific antibodies was developed by modifying the sandwich ELISA performed with the Mmm SC-specific pair 6B6/3F3, as described above.
Assuming that the epitope target of 3F3 is immunogenic, a positive serum is expected to inhibit the binding of this MAb to the antigen. The reliability of this test was investigated by examining a large number of sera collected from both CBPP-free and CBPP-infected herds. Results were compared with those from the CF test (Fig. 2) . The assay of 466 CF-negative sera from 20 healthy herds enabled the authors to establish an ELISA cut-off corresponding to 1:80. Of 1,551 sera from 10 infected herds, 392 (25.5%) and CBPP-free herds are divided according to negativity or positivity by CF. The frequency of ELISA titres observed is shown reacted positively by both CF and C-ELISA, while 1,062 (68%) were negative with both tests; 84 (5.5%) were identified as positive by C-ELISA and negative by CF and, conversely, 15(1%) sera positive by CF were negative using C-ELISA.
The specificity of C-ELISA was studied by examining a sample of 375 sera from seven herds in which, although CBPP was not demonstrated, a total of 40 sera with CF titres ranging from 1:10 (n = 24) to 1:1,280 (n = 1) were recorded. All sera gave negative results with C-ELISA.
DISCUSSION
The characterisation of MAbs enabled the identification of seven MAbs directed against a main protein of 70 kDa. Reciprocal competition was observed, suggesting that these MAbs recognise overlapping epitopes. Moreover, since six of the MAbs reacted specifically with Mmm SC and three recognised all of the field strains tested (even those originating from very different geographical areas), these MAbs must identify an antigenic domain which may be considered extremely stable and an exclusive marker for this Mycoplasma species.
A MAb-based sandwich ELISA was employed for identification of Mmm SC in pathological tissues. Varying results were obtained depending on the particular monoclonal pair and biological material (tissue extractions or first culture passages) used.
MAb pairs 3A8/3A8 and 6C4/7B8 were generally able to detect Mmm SC when reacted directly with extractions of pathological tissues and with the culture media derived from them. However, these pairs react with all members of the mycoides cluster, whereas a specific reactivity with Mmm SC was achieved using 6B6/3F3. With the latter, it was possible to detect Mmm SC only after culture of infected tissue extractions, probably due to inadequate sensitivity or the occurrence of immunocomplexes (ic). The hypothesis that ic were responsible is strengthened by the demonstration of antibodies in positive sera able to inhibit the reaction of 6B6/3F3 with the antigen. On the other hand, MAb pair 6C4/7B8 must identify nonimmunogenic epitopes, since the occurrence of ic did not interfere with the detection of antigen by this pair. The MAb pair 3A8/3A8 may or may not react with positive samples, depending on whether immunocomplexed antigen is present alone or in combination with antibody-free Mycoplasma.
On rare occasions, a positive sandwich ELISA was achieved with tissue extractions without subsequent isolation of the specific agent. Since these samples were collected from animals showing CBPP-specific lesions and/or seroreactivity, failures could be due to the presence of non-viable Mycoplasma of the mycoides cluster or, possibly, overgrowth in the culture of Mycoplasma other than Mmm SC but often associated with this strain.
The comparison of C-ELISA and CF for the detection of specific antibodies in sera from infected herds showed that the two tests correlated in 93.5% of cases; C-ELISA detected 5.5% more seropositive animals than CF, while only 1% of CF-positive sera were not detected by C-ELISA.
With regard to specificity, the authors found that positive results occasionally recorded by CF in sera from herds where the disease has never been demonstrated, were not confirmed by C-ELISA thus indicating that C-ELISA may be the more specific test.
The inactivated antigens used to perform C-ELISA may be either unpurified liquid cultures or purified cells. However, when unpurified cultures were used, variations were observed in serum titres with different batches of antigen preparation. Work is in progress to study the origin of these variations.
CONCLUSIONS
The authors demonstrated that the use of MAbs can considerably improve diagnostic techniques for CBPP.
A set of very simple sandwich ELISAs, performed with selected MAbs, were standardised. With these tests, it is possible to detect Mycoplasma of the mycoides cluster directly in biological samples and to unequivocally identify Mmm SC after culture for only a few days, thus avoiding tedious and time-consuming biochemical and growth inhibition assays.
Furthermore, satisfactory results were achieved using a MAb-based C-ELISA for the detection of specific antibodies. This test detects a set of antibodies directed against Mmm SC-specific epitopes, avoiding the false-positive reactions occasionally observed with CF, and also shows a high level of sensitivity. 
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